(19) 



Europaisches Patentamt 
European Pat nt Office 
Office europeen des brevets 



(12) 



(ii) EP 0 992 773 A2 

EUROPEAN PATENT APPLICATION 



f4f^\ r^sita of miHIio^tiorv 


(51) IntCI/. VJiUlvl O/^U 


19 04 9000 Bulletin 2000/15 


/9 "1 \ Arinli/"5jti/-*n nrnnhpf QQ40947*? fl 




f??\ Data of filinrv OS 10 1999 

\C*£m\ Udi CJ vj| Mill I y . ww. 1 w. 1799 




(84) Designated Contracting States: 


• Kovacevic, Branislav, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Thomson-CSF Prop. Intell. 


MC NL PT SE 


94117 Arcueil Cedex (FR) 


Designated Extension States: 


• Faina-Cherkaoui, Marcela, 


AL LT LV MK RO SI 


Thomson-CSF Prop. Intell 




941 17 Arcueil Cedex (FR) 


(30) Priority. 09.10.1998 US 103840 P 


• Caron, Hubert, Thomson-CSF Prop. Intell. 


10.02.1999 US 248507 


94117 Arcueil Cedex (FR) 




* Wrobel, Leslie, Thomson-CSF Prop. Intell. 0 


(71 ) Applicant: Thomson-CSF Optronique Canada Inc. 


941 1 7 Arcueil Cedex (FR) 


Montreal, Quebec H4M 2L5 (CA) 






(74) Representative: Albert, Claude 


(72) Inventors: 


Thomson-CSF Propriete Intellectuelle, 


• Emanuel, Michael, Thomson-CSF Prop. Intell. 


13 f Avenue du President Salvador Allende 


941 17 Arcueil Cedex (FR) 


94117 Arcueil Cedex (FR) 



(54) Uncooled driver viewer enhancement system 



(57) A thermal imager system for use in a vehicle 
utilizes an uncooled microbolometer detector array (1 9), 
optics (13) for conducting scene radiation to the array 
within a sensor module (12) which is separate from an 
image processing and display unit (39), to provide a 
small, direct view sensor module (12) that may be ori- 
ented for forward viewing. The sensor module (12) is 



mounted external to the vehicle and the image process- 
ing and display unit (39) is mounted internal to the vehi- 
cle, and the two are connected by a noise immune bidi- 
rectional digital communication path or harness (37). 
The optics (13) consist exclusively of refractive optical 
components (14, 16) providing a straight line radiation 
path from the scene to the array (19). 
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Description 

[0001 ] The present invention relates generally to sys- 
tems for viewing scenes, especially low light level or in- 
accessible scenes, and more particularly to systems for s 
providing an enhanced view of a scene on a display for 
a viewer. In recent years thermal imaging systems, 
based on uncooled detector arrays, have become an im- 
portant aid in driving at night time and under adverse 
weather and battlefield conditions. Some systems are to 
now available, mostly known as driver viewer enhance- 
ment or driver vision enhancing (DVE) systems. The 
DVE systems normally have a sensor module (SM) 
which produces a processed and corrected video image 
in analog form (RS 1 70 or other formats). The video im- is 
age is presented on a display unit, sometimes referred 
to as display and control module (DCM). The DVE sys- 
tems for military applications use prisms, mirrors and 
similar optical elements deviating one or more times, the 
radiation path from the scene to the sensor. 20 
[0002] There is a demand for smaller and less costly 
thermal imaging systems. It is desirable that the SM be 
as small as possible to allow maximum flexibility in 
mounting the unit in armored vehicles, tactical wheeled 
vehicles and commercial vehicles. It is an advantage to 25 
reduce the cost of the system, especially cost driving 
components such as system optics. 
[0003] The present invention provides solutions to the 
above problems by employing a unique system archi- 
tecture which results in a very small SM, while using 30 
available technologies such as conventional optics and 
uncooled micro bolometer detector arrays. In this archi- 
tecture there is a complete separation between the SM 
and the digital image processing unit, which is housed 
in the DCM. The present invention utilizes only refractive 35 
optical elements in a straight line radiation path from 
scene to sensor. This design allows the SM to be a very 
small unit relative to other existing sensor modules and 
benefits in improved performance. 

[0004] The system of the present invention can be *o 
used in a variety of applications including a driving aid 
for various types of vehicles, mast mounted sensors 
with remote display and control unit, helmet mounted 
sensors for fire fighting, soldiers, etc., and marine ob- 
servation, railroad cars and other safety related remote 4 $ 
monitoring applications. Additionally, the SM provides a 
"forward looking" system which is one in which all the 
optical elements are on the same optical axis oriented 
towards the scene to be imaged, as opposed to a peri- 
scopic system in which the optics are folded. so 
[0005] The DVE system is designed to work in a va- 
riety of host military vehicles, including combat vehicles 
and tactical wheeled vehicles. A partial list of vehicles 
include the LAV, Bradley, Abrams : M113, heavy equip- 
ment transport systems, heavy expanded mobility tac- ss 
tical trucks and high mobility multi-purpose wheeled ve- 
hicles. The DVE interface may be adapted to other fam- 
ilies of combat and tactical vehicles, as well as commer- 



cial vehicles, marine vessels, etc. 
[0006] In order to minimize the size of the sensor mod- 
ule, a new system concept has been developed. The 
SM contains only the necessary components that must 
be in direct view with the observed scene, i.e. optics, 
detector array and minimal required electronics. The 
rest of the electronics, including the image processing 
unit, are housed in the DCM. This desirable separation 
required technical solutions in order to make the system 
operational. 

[0007] In accordance with one form of the invention, 
an image of a scene is acquired based on the infrared 
radiation emanating from the scene and the scene im- 
age is displayed at a location removed from the site of 
image acquisition by first projecting the scene infrared 
radiation onto an array of infrared sensitive elements. 
An infrared radiation level indicative analog signal is de- 
rived from each array element, Each analog signal is 
converted into a digital representation and transmitted 
to the display location where the digital representations 
are utilized to energize a correspondingly located ele- 
ment of a display device. The system and process in- 
clude sensor array calibrating and other statistical 
processing performed at the display location. 
[0008] The present invention comprises a thermal im- 
ager system comprising an uncooled microbolometer 
detector array and optics of a sensor module separate 
from an image processing and display unit, thereby pro- 
viding a small, direct view sensor module that may be 
oriented for forward viewing. 

Figure 1 is an exploded isometric view of the sensor 
module; 

Figure 2 is a front elevation view of the controls and 
display screen of the display and control module; 
and 

Figure 3 is a block diagram of the overall system of 
the present invention. 

[0009] Corresponding reference characters indicate 
corresponding parts throughout the several views of the 
drawing. 

[0010] List of acronyms: 

A/D Analog to Digital 

AMLCD Active Matrix Liquid Crystal Display 

CV Combat Vehicle 

D/A Digital to Analog 

DCM Display/Control Module 

DSP Digital Signal Processor 

DVE Driver Viewer Enhancer 

FPGA Field Programmable Gate Array 

IPB Image Processing Board 

IR Infrared Radiation 

LAV Light Armored Vehicle 

NUC Non-uniformity Correction 

PWA Printed Wiring Assembly 

RAM Random Access Memory 
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SM Sensor Module 

TE Thermo Electric 

Tl Thermal Imager 

TWV Tactical Wheeled Vehicle 

UFPA Uncooled Focal Plane Array 5 

[001 1] Figure 1 shows the sensor module 1 2 in an ex- 
ploded view. The system optics 1 3 are located in a hous- 
ing portion 17 adjacent to a shutter 15. Incoming radia- 
tion 11 from a scene passes through the optics 13 and 10 
the normally open shutter 1 5, and is incident on the un- 
cooled focaJ_pjaj^jrrayJ^^he SM housing 30 is com- 
posed of two main units, the optical subassembly hous- 
ing portion 17 and the sensor and electronics housing 
portion 23. Each portion, designed as a module, con- 15 
tains components according to their prime, function, 
thereby simplifying assembly, testing, and mainte- 
nance. When assembled, the SM housing 30 provides 
a hermetically sealed environment and may be 
equipped with a standard purge valve (not shown). The 20 
system optics 13 are located in housing portion 17. The 
shutter 15, and array 1 9, along with the sensor module 
electronics 21 are located in the housing portion 23. 
When assembled, the housing portions 1 7 and 23 and 
their contents are sealed by gaskets (not shown) and a 25 
serv i ce cover 27. Since th e optic s subassembly is 
housed in portion T7lhaFis^"u 7iiirseparable from SM 
housing portion!* 3Tdiffe rent optics subassemblies with" 
different characteristics may be fitted in the SM. 
[001 2] The SM 12 has direct viewing optics 1 3 (unlike 30 
other DVE systems for armored vehicles which have 
periscopic designs), thus allowing a fast optical design 
(small F number) which improves the system thermal 
sensitivity. 

[001 3] The SM 1 2 utilizes an atherrnalized, focus free, 35 
three-element Germanium lens. The first element 14 
has a hard carbon coating on its external surface. The 
second and third elements are mounted on a common 
cell 16, capable of moving along the main axis. An oil- 
filled metal bellows 1 8 between the first element 1 4 and 40 
the other two in cell 16 provides temperature compen- 
sation and keeps the lens focused on the UFPA 1 9 from 
5 meters to infinity in the whole operating temperature 
range. 

[0014] Figure 2 illustrates the DCM 39 of the system *s 
from a user's perspective. The scene on which the SM 
is focused is displayed on an active matrix liquid crystal 
display (AMLCD) or other panel display 29 the bright- 
ness of which may be set by control 31 . The user may 
also set the SM gain and level by controls 33 and 35. so 
[0015] Referring primarily to Figure 3, the SM 12 pro- 

_ _* *_ -j -j:~:4~i t« 

ClUCeS et lidW, unuticUWU iriidycs in uiynai luim. ■ ^ i ■ ic*r\<= 

the remote image processing possible, a digital link in- 
cluding cable 37 is established between the SM 1 2 and 
DCM 39. This contributes to the provision of a small size ss 
sensor module. 

[0016] The DVE unit fonctions as a passive thermal 
imager (Tl), operating in the 8-12 micrometer range of 



the IR portion of the spectrum. The DVE employs Ger- 
manium optical elements, an uncooled focal plane array 
(UFPA, 320x240 elements) 19 based on microbolom- 
eter technology which includes a TE cooler 20 in the 
sensor module 1 2, and a flat panel display 29 based on 
active matrix liquid crystal technology (AMLCD, 
640x480 pixels) in the DCM 39. 

[0017] The UFPA electronics reside in the SM 12 and 
are incorporated into three printed wiring assemblies 
(PWA'S), interconnected via an integral flex harness. 
The first PWA 22 mates with the UFPA 1 9 and provides 
the array with the necessary low noise bias voltages. 
The second PWA 69 converts the coarse digital factors 
into an analog voltage, applies the coarse correction 
and converts the analog video information into a 14 bit 
digital signal. It also contains the memory device storing 
the coefficients of the specific UFPA calculated during 
the two point calibration procedure and used in normal 
processing for correction. The third PWA 24 is the Ther- 
mo-Electric cooler controller, which provides a stabilized 
temperature to the UFPA 1 9, for optimum performance. 
[0018] The main components of the DCM 39 are the 
display housing 26, the display panel 29 and display 
electronics controls such as 31 , 33 and 35, backlighting, 
and heaters, and an image processing board (IPB) com- 
prising digital signal processor 28, timing generator 53, 
shutter control 55, analog to digital converter 57, and 
digital to analog converter 59. 

[0019] The DCM uses a color 640x480 AMLCD type 
of display 29. The display is enhanced with polarizers 
to allow wide viewing angles. The thermal image is dis- 
played in monochrome mode with 6-bit non-dithered 
gray levels. Overlay data, built-in-test messages and di- 
rectional readout are processed in color. 
[0020] Ait controls of the DVE are mounted on the 
DCM's front panel of display housing 26 as shown in 
Figure 2. A toggle switch 41 provides the on/off control. 
The switch 41 is protected inside a bracket to avoid ac- 
cidental operation. A green LED 43 indicates power on. 
The video source control toggle switch 45 selects the 
displayed image beween the SM 12 image and an ex- 
ternal video source received on Video in line 47 (see 
Figure 3). The toggle switch 45 is also protected inside 
a bracket 49 to prevent accidental operation. Polarity 
toggle switch 51 selects between white/hot and black/ 
hot of the SM image. The display brightness control 31 
is a rotary control to set the display brightness (back- 
lighting). The backlighting is designed to provide a read- 
able image even in bright sunshine conditions, as well 
as in complete darkness. The backlighting provides a 
minimum brightness uniformity of 85% over the entire 

^ifr-J^w oraa Tharo ie a concur nain rntan/ rontrnl m tn 

Wlw|~MUjT <_•■ W«. . I.w.w — — ww., — —. — / — -- 

adjust the sensor gain. In its locked position it provides 
automatic gain control which overrides the manuel set- 
ting. There is also a sensor level rotary control 33 to ad- 
just the sensor level. The level control 33 is non-opera- 
tive when the gain control 35 is in automatic mode. The 
DCM is equipped with heaters to allow operation at low 
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temperatures down to - 40° C. 

[0021] Several optional features not shown in Figure 
2 may be included. An optional night vision intensifica- 
tion system toggle switch selects the level and nature of 
display backlighting. When activated, il allows dimming 5 
to 0.05 footlambert, and provides filtered lighting to 
avoid detection by an image intensification device. A 
TWV horizontal direction control applies to TWVs only, 
and is considered a part of the interface kit discussed 
later. This electric control rotates the SM horizontally. io 
[0022] Referring to Figure 3, image processing board 
(IPB) of the DCM is responsible for all main functions of 
the image. It includes a main DSP (digital signal proc- 
essor) 28 for NUC (non-uniformity correction) and other 
real time processing, digital port communications, etc., is 
a main FPGA for generating timing 53 and control sig- 
nals for the UFPA, a dedicated video DSP for histogram 
remapping of the corrected 14-bit digital signal into 8-bit 
signal, a video FPGA for the video generator, and other 
display functions such as analog to digital converter 57 20 
and D/A converter 59. The IPB interfaces to the power 
supply 61 , control 63, SM electronics 21 , digital port (for 
exemple, to an external terminal 65) and video in 47 and 
out 67 connectors. 

[0023] The third major module of the DVE system is 25 
the cable 37 interconnecting the SM located outside the 
vehicle and the DCM 39. The cable carries all the signals 
needed to drive the UFPA and to transmit the infrared 
information in proper format for further processing and 
display by the DCM. These include power supply lines 30 
to drive the SM electronics, timing signals to read-out 
the video information from the UFPA, digital data result- 
ing from, conversion of analog signal data from the 
processing unit used for UFPA bias, coarse corrections 
and TE cooler temperature reference commands, and 35 
data carrying information on specific UFPA installed in 
the SM as well as directional sensing signals used to 
display the SM positional information and command sig- 
nal from control 55 to the shutter 15. 

[0024] The DVE processing electronics is divided into *o 
two sections. The SM 12 houses the electronics portion 
21 which must be very close to the UFPA 19 for optimal 
system operation. The other part, the IPB and related 
components, is accommodated in the DCM 39. The two 
parts are digitally linked by cable 37 which provides a 4 $ 
noise immune bidirectional digital communication path 
as illustrated in Figure 3. 

[0O25] The analog signal acquired by the UFPA is 
buffered and coarsely corrected by image acquisition 
and conditioning circuitry 69. The analog signal on line so 
70 is then converted to 14-bit digital signal by A/D con- 
verter 71 of the SM electronics 21. The signal is then 
multiplexed at a ratio of 2 to 1 and down streamed to 
image processor 28 of the IPB. Both the IPB and SM 
electronics have the required buffers to.drive up to a f if - 55 
teen meter long cable. The main DSP 28 performs the 
NUC and optical distortion correction and controls all 
other components of the IPB as the central processing 



unit. A 32-bit data bus presents the signal to the video 
generating portion of the IPB. The video DSP performs 
remapping of the 14-bit signal into a 8-bit signal, using 
a histogram equalization algorithm, as discussed sub- 
sequently, for contrast enhancement. A line doubler 
doubles each line/column for proper presentation of 
320x240 UFPA pixels on a 640x480 pixel AM LCD 29. 
The signal is treated completely digitally from the output 
of the A/D converter 71 to the AMLCD29. No conversion 
to analog video takes place in the main video chain. A 
video digital to analog converter 59 converts the 8-bit 
digital signal into RS 170 (or CCIR) for external video 
display. An analog to digital converter 57 and timing gen- 
erator allow display of an external RS 1 70 (CCIR) signal 
on the AM LCD 29. 

[0026] In order to display a uniform image with a mi- 
crobolometer UFPA 19, each detector element's output 
gain and offset must be corrected, a process known as 
non-uniformity correction (NUC). The NUC is performed 
by collecting and averaging data obtained at two differ- 
ent blackbody temperatures, T1 and T2. This process 
is called two-point calibration. The two-point calibration 
is done in the factory at the time of system assembly. 
The two-point calibration, when performed properly, re- 
duces the spatial residual noise of the UFPA. The level 
of this noise depends, among other things, on the tem- 
perature difference between the two calibration points. 
The two-point calibration optimizes calibration at T 1 and 
T2. However, due to non-linearity effects, the noise level 
between T1 and T2 is higher. To fine tune the offset to 
the actuel scene temperature, a one-point calibration is 
needed. The one-point calibration is performed during 
system normal operation. 

[0027] The normally open shutter 15, mounted in the | 
SM 1 2 in front of the UFPA 1 9, is used for this purpose. j 
The shutter is heatsunk to the SM housing 23, therefore ^ 
its own temperature is a good representation of the out- j 
side ambient temperature. During the one-point calibra- 
tion the shutter 15 closes for one or more frames, pro- 
viding a uniform background to all UFPA 1 9 detector el- 
ements. The UFPA signals are read and stored in a buff- 
er memory within the digital image processing portion 
28 of the display and control module. When adequate 
data is collected, it is averaged and used to adjust the 
detector elements' offset for best picture uniformity. The 
one-point calibration is performed automatically at fixed 
time intervals (factory programmable). This process is 
completely transparent to the user. It is designed such 
that the presented image does not lag behind the real ^ 

scene for more than 200 msec at all times. v J 

[0028] An optional sensor directional readout may al- 
so be provided. A pin connector 41 on the DCM 39 has 
three lines dedicated for readout of a directional sensor 
located on the SM 12 mounting block or Interface Kit. 
The analog 0-5 Volt input signal is converted to digital 
and processed by the DSP. A graphical analog direc- 
tional indication is provided on display 29. The direction- 
al readout may be turned on or off at factory level during 
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system programming. 
[0029] Recall that the signal is digitally processed at 
a 14-bit level. In order to display the processed image 
on the AMLCD, it must be converted to an 8-bit format. 
A few conversion methods are possible, such as a sim- 5 
pie linear remapping. In linear remapping, though, it is 
not possible to display simultaneously details of both 
cold and hot objects which are at the extremes of the 
14-bit dynamic range. As a result, details of the image 
are lost. 

[0030] A more sophisticated method, called histo- 
gram equalization is preferred. A special algorithm has 
been developed for this purpose, implemented and ex- 
ecuted by the video DSP 28 of the IPB. 
[0031] Every N frames a 1 4-bit histogram of the signal 
strength viewed by each detector element is collected 
and stored in the internal RAM of the video DSP 28. The 
histogram is then equalized and remapped over 256 
gray levels. Each detector element is assigned an 8-bit 
gray level in accordance with this equalized histogram, 
which is stored in a look-up table in the video DSP's in- 
ternal RAM. During the video readout process the video 
FPGA reads this look-up table and uses it for displaying 
the image. The displayed image is therefore contrast- 
enhanced and includes details of both extremes of the 
dynamic range. The histogram equalization process is 
activated whenever the gain control 35 is set to "AUTO". 
[0032] The DVE unit is composed of two kits: the in- 
terface kit (not illustrated) which is vehicle specific and 
the Tl kit which includes the DVE thermal imager, that 
is, the SM 12, DCM 39 and cable or harness 37 which 
interconnects the two modules. The interface kit is the 
electrical and mechanical interface between the thermal 
imager kit and the host vehicle. The DVE is designed so 
that the sensor module (SM) 12 is completely outside 
the vehicle (both CV and TWV). It may be mounted in 
place of the daysight periscope or anywhere else in the 
vehicle (in which case the interface kit would be differ- 
ent). This alternative mounting enables the use of a day- 
sight periscope simultaneously with the DVE : and elim- 
inates the need to remove and stow the DVE whenever 
the daysight periscope is preferred. When the DVE is 
not in use, the SM 12 may be folded for its maximum 
mechanical protection. In the folded position the optics 
are not oriented towards the front of the vehicle. 
[0033] The method of acquiring an image of a scene 
based on the infrared radiation emanating from the 
scene and displaying the scene image at a location re- 
moved or remote from the site of image acquisition 
should now be clear. The refractive optical elements 14 
and 16 project the scene infrared radiation 11 onto the 
array 1 9 of infrared sensitive elements. An infrared ra- 
diation level indicative analog signal is derived from 
each element. The analog signals are converted into 
digital representations and transmitted over the digital 
communication link or harness 37 to the display location 
where they are utilized to energize a correspondingly 
located element of display 29. The projecting, deriving 



8 

and converting are performed external to the vehicle 
within the sensor module 12 while the utilizing step is 
performed within the vehicle at the location of the display 

39. 

[0034] Factory calibration of each element of the array 
may be performed to obtain analog signal correction fac- 
tors at two distinct uniform temperature levels and data 
indicative of the calibration correction factors stored in 
the sensor module from which they are subsequently 
retrieved and utilized to correct each digital representa- 
tion when energizing the corresponding display ele- 
ments. On-line calibration of each element of the array 
may be performed to obtain an element analog signal 
correction factor at a uniform temperature level near am- 
bient temperature and data indicative of the on-line cal- 
ibration correction factors stored and similarly subse- 
quently utilized to correct each digital representation 
when energizing the corresponding display elements. 
Such on-line calibration is accomplished by repeatedly 
temporarily blocking the optical path from the scene to 
the array for a very short time interval with an ambient 
temperature shutter 15. 

[003S] Signal processing at the display location may 
also include a statistical correction, as discussed in de- 
tail above. The digital representations for each element 
may be periodically sampled and a histogram of the re- 
sponses of all sensor elements or cells is maintained. 
This histogram may be normalized and stored for sub- 
sequent utilisation in interpreting subsequently received 
digital representations and appropriately energizing the 
correspondingly located elements of the display. The 
histogram is periodically updated. 
[0036] In summary, the unique DVE configuration of 
the present invention has a number of advantages over 
known prior vision enhancing schemes: 

The DVE system is designed so that its three com- 
ponents, SM 12, harness 37, and Display Control 
Module 39 are completely interchangeable with re- 
placement components; 

The DVE system concept allows the incorporation 

of a relatively simple refractive optical design which 

is high performing with a wide field of view, fast F 

number and good overall transmittance; 

Identical and interchangeable Tl kit for all vehicle 

applications (including CV and TWV); 

Simpler logistics and lower life cycle cost; 

Fast optics (F number 0.8), which results in a very 

sensitive system; 

Large field of regard (FOR) (vehicle dependent); 
Compact SM 12 which may be mounted elsewhere 
than the daysight hole in CV; 

Digital link between SM 1 2 and DCM (Display/Con- 
trot Module) 39. This concept eliminates the need 
to convert the digital signal to RS 1 70 (CCIR) at the 
SM 1 2 and deconvert the RS 1 70 (or CCIR) back to 
digital for display on the AMLCD 29. This makes the 
system more immune to noise pickup and results in 
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overall better pictur quality; 

Complete digital image processing in DCM 39. This 
allows flexibility in processing various data such as 
built-in-test, graphical directional readout on dis- 
play, etc; 

This design allows retention of good picture quality, 
with little degradation, over the entire operating 
temperature range; 

The SM 1 2 is designed to be mounted outside the 
vehicle in all host vehicles, thus allowing more room 
for the driver inside the vehicle; 
The display housing 26 is mounted to allow the unit 
to be folded back when not in use; 
The DVE controls are designed in compatibility with 
MIL-H-46885 and MIL-STD-1472. They can be op- 
erated with arctic gloves or nuclear, biological and 
chemical gloves; 

The sensor gain 35 has an auto lock position which 
activates the histogram equalization; 
The DVE Tl Kit may be mounted, dismounted or 
transferred, as a whole or in part, from vehicle to 
vehicle by a single person in less than 10 minutes 
and without using special tools; 
The Display Panel 29 provides a good contrast un- 
der wide ambient light levels, from dark night, to 
bright sunshine, in wide viewing angles. The night 
vision intensification system option provides spe- 
cially filtered backlighting to avoid detection by im- 
age intensification devices. 



Claims 

1. A thermal imager system, comprising an uncooled 
microbolometer detector array and optics of a sen- 
sor module separate from an image processing and 
display unit, thereby providing a small, direct view 
sensor module that may be oriented for forward 
viewing. 

2. The system in accordance with Claim 1 , wherein the 
sensor module is mounted externally of a vehicle 
and the image processing and display unit is mount- 
ed internally of the vehicle. 

3. The system in accordance with Claim 2, further in- 
cluding a noise immune bidirectional digital commu- 
nication path coupling the sensor module and im- 
age processing and display unit. 

4. The system in accordance with Claim ^ , wherein the 
optics consist exclusively of refractive optical com- 
ponents. 

5. The system in accordance with Claim 1, wherein 
each element of the array of infrared sensitive ele- 
ments is calibrated to obtain analog signal correc- 
tion factors at two distinct uniform temperature lev- 



els and data indicative of the correction factors are 
stored. 

6. The system in accordance with Claim 5, wherein 
s each digital representation of an infrared radiation 

level indicative analog signal is corrected in accord- 
ance with the corresponding stored correction fac- 
tors and the corrected digital representations ener- 
gize the corresponding display elements. 

w 

7. The system in accordance with Claim 1, wherein 
each element of the array of infrared sensitive ele- 
ments is periodically calibrated to obtain an element 
analog signal correction factor at a uniform temper- 
's ature level near ambient temperature and data in- 
dicative of the correction factors are stored. 

8. The system in accordance with Claim 7, wherein the 
each digital representation of an infrared radiation 

20 level indicative analog signal is corrected in accord- 
ance with the corresponding stored correction fac- 
tor and the corrected digital representations ener- 
gize the corresponding display elements. 

25 9. The system in accordance with Claim 7, wherein a 
shutter of the sensor module at ambient tempera- 
ture repeatedly and automatically temporarily 
blocks an optical path from the scene to the array 
for a very short time interval. 

30 

10. The system in accordance with Claim 1, in combi- 
nation with a vehicle, wherein sensor module is ex- 
ternal of the vehicle and the display unit is within the 
vehicle. 

35 

11. The system in accordance with Claim 1, wherein 
digital representations of infrared radiation level in- 
dicative analog signals for each element are peri- 
odically sampled, a histogram of all representations 

40 is maintained, the maintained histogram is equal- 
ized, stored, and utilized to interpret subsequently 
received digital representations and to energize ap- 
propriately the correspondingly located element of 
the display device. 

45 

12. The system in accordance with Claim 11, wherein 
the histogram is periodically updated. 

1 3. The process of acquiring an image of a scene based 
50 on the infrared radiation emanating from the scene 

and displaying the scene image at a display location 
removed from the site of image acquisition, com- 
prising: 

55 - projecting the scene infrared radiation onto an 
array of infrared sensitive elements; 
- . deriving an infrared radiation level indicative 
analog signal from each element; 
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converting each analog signal into a digital rep- 
resentation thereof, wherein the steps of pro- 
jecting, deriving and converting are performed 
by a unit connected to a noise immune bidirec- 
tional digital communication path; 
transmitting via the path each digital represen- 
tation to the display location; and 
utilizing each digital representation to energize 
at least one correspondingly located display el- 
ement of a display device, 

wherein the step of utilizing is performed in a 
unit connected to the path. 

14. The process of Claim 13, including the initial step 
of calibrating each element of the array of infrared 
sensitive elements to obtain analog signal correc- 
tion factors at two distinct uniform temperature lev- 
els and storing data indicative of the correction fac- 
tors. 

15. The process of Claim 14, wherein the step of utiliz- 
ing includes correcting each digital representation 
in accordance with the corresponding stored cor- 
rection factors and using the corrected digital rep- 
resentations for energizing the corresponding dis- 
play elements. 

j 16. The process of Claim 13, including the step of pe- 
riodically and automatically calibrating each ele- 
ment of the array of infrared sensitive elements to 
obtain an element analog signal correction factor at 
a uniform temperature level near ambient temper- 
ature and storing data indicative of the correction 
factors. 

17. The process of Claim 16, wherein the step of utiliz- 
ing includes correcting each digital representation 
in accordance with the corresponding stored cor- 
rection factor and using the corrected digital repre- 
sentations for energizing the corresponding display 
elements. 

18. The process of Claim 16, wherein the step of peri- 
odically calibrating includes repeatedly and auto- 
matically temporarily blocking the optimal path from 
the scene to the array for a very short time interval 
with an ambient temperature shutter. 

19. The process of Claim 13, wherein the step of pro- 
jecting comprises a plurality of exclusively refractive 
sieps. 

20. The process of Claim 13, for providing a view of an 
external scene to an occupant of a vehicle, wherein 
the steps of projecting, deriving and converting are 
performed external of the vehicle and the step of 
utilizing is performed within the vehicle. 



21. The process of Claim 13, wherein the step of utiliz- 
ing includes periodically sampling the digital repre- 
sentations for each element, maintaining a histo- 
gram of the magnitude of the representations, 

5 equalizing the maintained histogram, storing the 

equalized histogram, and utilizing the stored equal- 
ized histogram to interpret subsequently received 
digital representations and energize appropriately 
the correspondingly located element of the display 

10 device. 

22. The process of Claim 21, including the additional 
step of periodically updating the histogram. 

is 23. A thermal imager system comprising: 

an array of infrared radiation detector cells; 
an optical system for projecting infrared radia- 
tion emanating from a scene onto the array of 

20 infrared radiation detector cells; 

a sensor module housing containing the array 
of cells and the optical system; 
an image processing and display module 
spaced from the sensor module for displaying 

25 an image of the scene; and 

a noise immune bidirectional digital communi- 
cation path coupling the sensor module and the 
image processing and display module. 

30 24. The system in accordance with Claim 23, for use in 
a vehicle, wherein the sensor module is mounted 
external of the vehicle and the image processing 
and display module is mounted internal of the vehi- 
cle. 

35 

25. The system in accordance with Claim 23, wherein 
the optical system consists exclusively of refractive 
optical components. 

40 26. The system in accordance with Claim 23, wherein 
each element of the array of infrared sensitive ele- 
ments is calibrated to obtain analog signal correc- 
tion factors at two distinct uniform temperature lev- 
els and data indicative of the correction factors are 

45 stored. 

27. The system in accordance with Claim 26, wherein 
each digital representation of an infrared radiation 
level indicative analog signal is corrected in accord- 
50 ance with the corresponding stored correction fac- 
tors and the corrected digital representations ener- 

*i • ^ ~ — 
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28. The system in accordance with Claim 23, wherein 
55 each element of the array of infrared sensitive ele- 
ments is periodically and automatically calibrated to 
obtain an element analog signal correction factor at 
a uniform temperature level near ambient temper- 
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ature and data indicative of the correction factors 
are stored. 

29. The system in accordance with Claim 28, wherein 
the each digital representation of an infrared radia- 5 
tion level indicative analog signal is corrected in ac- 
cordance with the corresponding stored correction 
factor and the corrected digital representations en- 
ergize the corresponding display elements. 

10 

30. The system in accordance with Claim 28, wherein, 
at an ambient temperature, a shutter of the sensor 
module repeatedly and automatically temporarily 
blocks the optical path from the scene to the array 

for a very short time interval. is 

31. The system in accordance with Claim 23, in combi- 
nation with a vehicle, wherein sensor module is ex- 
ternal of the vehicle and the display unit is within the 
vehicle. 20 

32. The system in accordance with Claim 23, wherein 
digital representations of infrared radiation level in- 
dicative analog signals for each element are peri- 
odically sampled, a histogram of the representa- 25 
tions is maintained, the maintained histogram is 
equalized, stored, and utilized to interpret subse- 
quently received digital representations and to en- 
ergize appropriately the correspondingly located el- 
ement of the display device. 30 

33. The system in accordance with Claim 32, wherein 
the histogram for each cell is periodically updated. 

35 
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